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Security 


appendh a 


The %dlo ^dlmn a» a World Reso^arge 


Wy Idjgr idg Resomns# c 

The radio medium is a worH-wlde natural resour©* > 

radio medium (it used to be popularly toiown as the "ether”) 
igj a hamessable means of transport for the ©on^eyanoe of 
and remote control signalso Its speed of ©onveyanee fs that of lighv-- 
lf)6pOTO miles per second.. 


With suitable investment of equipmentp manp^es^g and technology 
ibe radio mediuai I# capable of use by all nat^e of the world 5“ 
vision of a variety of economle and other eerwiceSp dosw/stl® and foreign 
Beaause it exist* everywhere s, it is not subjset to ^ 

ocuntry as are seme physical resenrees. It is. expololted to create thought 
values in time and place.-. ■ •• 


Th e lladio Speotnaa-^ 

The radio medium is measurable in numerous wayso The eoraiMmast 
dlmenaion is expressed in the poiMlar numerleal unit eaUed •frequwoy® 
(formerly in warns- length), ®» numerleal range of frequensies ea^cie of 
twiweyUig usable energy in the form of radio -frequency waves in the imdl® 
medium may be ©ailed the ** radio 8p*©truio™n 

The ranges or width,, of the usable radio spectrum in mm has been 
increasing over the yearso At about the turn of the twentieth century >/ 

•whm prs©ti©al radio was first realiaed,, only a small band of mquencie® 
was ^Effled.. Subsequent research and development greatly enlarg^ the 
of fr«?nuencle8 In use^., ae well as the variety of usesc By Wli? for the 
ourposes of regulation and organisation,, international agreement M m 
tabliahed the practical range of the radio spectrum as 10 kilocycles t@ 
lO.^nOO© kilocycles. 1/ At the same time, however, the agreemmt r^ 
cognised scientific ev^.Ien^ that the mdio spectrum extends to the order 
of mocycle®. 2 / since m? research 

has been pushing the practical range well beyond the lOaSOOgjOO® kilocycles 


For economilc purposes it la the workable radio spectrum which 
raoresents th® world "supply" ®f the radio medium as a natural resource^ 

Xt' is from this singles free® supply that the varionas users of th# wcrl® 
select frequencies aMs with the employmesst of ap, . opriate apparatus,-; 
crisat® radio facilities tc.meet their needs for coiTBimnicatlons radars raai^r- 
rkvigatimis missile guidance^, aervlc®®/- 


‘ieac hnolog ica l ftequjlfftmgBt®- 

Besides frequencies^ efficient and expsmdissg smpls^^^nt ©f re.dic 
t-g>day ©alls for the application of a thoro\sgh^going Xbrsd of technological 

Useful radio frequencies do not exist in nature.- Apparatus must 
5 >» provided to generate and to receive them-. Knciw^hw is indis^iipensable for 


"Radio Regulations",) Fina l Acts of th e International Telecc i^unlcati^ 
and Radi© Conferen®03rr€li^£e“aiyr^. V 
56 E- 

XbMor, pc l-'E'. 
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the development.^ productlong operation, and maintenance of radio apparatus 
LlkeMise indispensable is a sound technical knowledge of the behavior of 
the radio medium Itself and of the radio frequent waves sent through 
fhis know«how means trained manpower. Paradoxically such trained manpower 
la a potential source for the discovery of techniques to conserve manpower 
through the replacem:en^ of manual radio functions by autonatl® fbaction®.. 

Though accumulated with great labor and cost for over fifty yearsp 
the present massive, world fOnd of radio knowledge, as in any field one 
would care to name? continues Inc^plete Today great economic and politi- 
cal oressures ere at work to increase that £bnd<. New discoverie® in radio 
are alw&yv a p-e-tentlal attractl<»t for capital and labor Investmiento Further^ 
worM tension has set off an International race in scientific i^esearch and 
development for discoveries which might well give far reaching economic and 
strategic advantages to those nations making them 

Technology is the key to new developments in radio.^ 

Chaimcteristlcs of the Medium... 

The major characterlatic of the radio medium is v rlabllity It 
does not treat all frequencies in the same way It is not of uniform 
..quality at all places nor at all times at any given places It is susceptible 
to unc(mtrollable influenceis 

A brief, non- technical explanation of these variables will help to 
define the capabilities of the medium. 

As to the unequal treatment of the various frequencies by the radio 
medium, three major, somewhat arbitrary divisions of the radio spectrum ittay 
be identified. In general the radio waves (ground wave®) fr?.'T;;iencl9S 
below about 3^000 kilocycles tend to travel along thi; s'jrface o.^" the earth 
and thus. If strong enough, to follow its cur^ture- They may bo used for 
icng-distant.'e purposes, especially where coverage la the interv'^nlng area 
i» required For these, diatance is a direct fusictlon of power put Into the 
waves- Radio waves of frequencies between about S,0Q0 kilocycles and about 
30t.-CX5® kilots^cles do not ibravel very along the aarth«s surface, bu%’ 
instead generally reach out to longer dl8ta^<i^8 by angular reflectiem from 
ionised layers in the upper atmosphere, often skipping over the intervening 
areas. For su$h operations, choice of frequency as well as potpsg' are im-' 
portant fbctor® In distance coverage Today they comprise the group of 
frequencies in greatest demand for direct^ long distance purposes especially 
where coverage of the intervening areas is uimesessary.i Radio wave® off 
frequencies above 3C^^.4300 kilocycles act somewhat m do light rays, that iSi, 
they tend to travel in a straight line for relatively short distances^. 

Of the three arbitrary divlsioBs, the hlgh.'^st frequency' grov^ furnishes by 
far the largest supply of f^^equencies, beca«t.«?e their n^saber is largest and 
because their short distance characteristic p-^rmits reuse within small areas.. 

A® to the mm-unifosm quality ©f the radio medium, its traa^si® - 
ability by gA'^und w®v® on the lower order of f^qucncio® varies through 
differing kinds of soil and differing soil condition®, through water* of 
differing salinity through differing atmospheric conditions, among other®.-. 

. A«.) to the sensitiveness of the radio medium to uncontrollable 
influsnce*^ thisra are a number ®f phencmsena which alter the carrying 
esipacity of the meditsm for better ®r for worsen Some of these are 
a1^*l®®pheric. noise (static), sun-spot activity >; seasonal changes, day- 
night conditions,, magnetic and other stosve^ and fading-. 


These variants of the radio medium complicate the employment of 
radioc- EmployTORt is further complicated by the behavior of the radi®>- 
frequency mve^i propagated 


t 
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B&dlo-frequency waves are subject to influence and partial human 
controlSo They may be strengthened or weakened in several wayso They may 
be directed^ somewhat as a beam of lights And as a beam of li^t^ they 
may be reflected^ deflected^ and diffusedo They nay be shielded by metallio 
materials, obstructed by terrain, by snow, rain, and other i^ysieaX matter 
in the ataosphersv Peculiarly, radlo^frequeney waves do not interfere 
with each other in traversing the ir&dium even though the wa’^res may be of 
the sane frequenoye Two or nora such waves entering the same receivers 
would, however, produce reception iEiter£erenee« Channelisation by 
apparatus is the key to eontrolo 

The Radio Channel 


The establishment of a radio facility involves thcs provision of 
suitable radio»wave generating (transmitting) equipment and of receiving 
equijwnent capable of being tuned to the frequeiacies of the waves transmitted 
from the other end of the circuit or channeXo The trananisspion consists of 
complosc waves comprising a cluster of radio frequencies o The width of this 
cluster vaxlea with the nature of the desired signals o It naay wary from a 
few hundred cycles for the old-fashioned, manubl Morse tslegri^h, to 10 
kilocycles for ordinary broadcasting, to 6,000 kilocycles for television 
and to lt0,000 kilocycles or more for the new multiplexed micro-wave and 
other systems o These clusters are known as radio channels or circuits and 
when placed in a specific place in the radio spectrum, they become frequency 
assignments o The radio channel may be said to be an exploited piece of the 
8pectrum« 

The Inefficiency of the Channel o 

The gezunration of radio waves and their reception in most oases 
requires electricity as a source of power » The equipment usied to propagate 
and to receive radio waves does not handle this power very effiolentlyo 
Besides, much of the energy transferred to the waves, in most applications. 

Is waatedo Bnleas the waves are concentrated and focused as a beam in the 
wanted direction, the energy radiated in the other directions serves no 
other purpose than to create potential interference to other stations o Sven 
the energy that passes )3j the wanted receiving point i» in the sme category ^ 
On the other hand, in non»directionel services, such as broadcasting and 
mobile, some energy is necessarily radiated in aU directions <> For practical 
purposes, receivers do not consume any measurable anount of the radiated 
energy, so that an unlimited number of scattered receivers may pick up a 
given wave without affecting ^e anount of wave energy available to other 
receivers o 


From the preceding descriptions of tiie more salient features of 
the radio medium as annatural resource sad of the waves of frequencies of 
the radio spectriM idilch pass in it, some notion may be gott^en of the in» 
vestment in technology, material, and manpower needed to employ radio in a 
progressive, modem nationo 

The Present State of the Art , 

But the problems inherent in the deveXopment and use of radio, 
though fraug^it with economic, poXitloal, and social involvements, as well 
as technical cemplei^ties, have by no means seriously inpedcd the progress 
loade in maa^- countries in this f i^d, particularly since the beginning of 
the First World War« Radio has accelerated economic activity wherever it 
is employedo It serves as a means of rapid e^aminleations and as a means 
to provide special services which cannot be made available in my other 
wayo Radio has become an industzy on the one hand and a utility service on 
the other □ Radio and radar have become tools of war and have profoundly 
influenced the conduct of wavo It offsrs the only efficient means of 
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commxmi cation for moving vehicles- Radio broadcasting has become the great 
mass infomer? the cunning mass propagandist ^ and the enlightened mass 
ed^ic^atoff Television appears destined to achieve these ends through the eye 
as veil as through the ear 

A few aratlable world figures will give some idea of the extent, 
to which radio has been exploited in a few fields.. As of October^., 1951^ 
there were over Zlh^OOO^OO© broadcasting and televisicm sets 1/ and over 
1^000 broad^frasting stations were listed In jruly-j, 1950 2/ Xt the end 

or 1950;, U»S.. public telephones could b© potenllally eo:^n©cted 

to almost all of the 32f; 000^00® public telephones in the rest of the world?, 
principally by radio link. 3/ Listed in September?) 19510 were over 
110 j 000 ships equipped with mdio and served b over 3^.000 listed coast 
stations., y la Decensber^, 1950^ there were over 2^$^ larger^) aos^.-mllitaiy 
and principally ©ommerelal?, listed radio -equipi^d aircraft served by over 
listed aeronautical (ground) station® $i though nearly a!Ll aircraft, 
are radio-equipped for safety if for no other purpose- As of Harch^^ 195l{> 
the list of frequencies for which radio service h&s been notified by th® 
world amounts %■& almost 2O0?,00G- entries for the band of frequencies between 
Hi kilocycles and 2?v..50® kilocycles alone^ though many frequencies show 
numeroiis entries,-, y These figures by no means complete the picture of the 
depth or scope of the military;, governmental,:- or commsrctal utiliaati.on of 
the radio medium.. 

Radio has altered the demand for raw and processed laaterlal^r 
Pole ISne® of wood and copper wire® are beginning to give way in some coun 
tries to concrete and steel toward! submarine cables are beginning to give 
way to isomplex apparatus for high-capacity radio circuits c The vacuum 
tube,-, first introduced in radio has opened up the more recenl^.j fast growing 
field of elecironlci : Va..3uum tubes are at the heart of techniques for 
multiplying the channel capacity of wire line© without the need for 
additional pole or undergrounk:l lines or addition of wires to existing 
lines... VavsuufB tube* make possible the inserti<»i of eubsaerged booster 
repeaters In long,, deepwater submarine (esables to Increase their capacity-, 
thus avoiding the expense otherwiss entailed in imking and laying additioo.ft3: 
cables . 


Radio has ^ a long but seems to have a long way yet to go 
Intemstlonai Interference 

In this discussion the radio medlmii i,s viewed as a world - wide 
natural re 8 our«e . But ? in the strictest 8 eri »<«0 it cannot be vl«w<^ a 
resource In whiegh individual rmtlons enjoy full and sdr^ereign 
over the wh®ie or a divisible part of it. It is essentially a 
w o rld reaouaxe.. As has been seen?, ra.dlO'^ frequency waves are 

^o*i^'speet,*j? 3 ' of political boundaries This is especially true of wave.« 
of flfrequencies below 30 ^. 00 ® kilocycles whldi can travel long dl»tance« 

Et is atoo true of those above 30pC00 kllos^cleg - whish^ though genes-'mlly 
llmitet'i to sight ranges^ do prepay te at times to much greater 

distmee® where reception or interference to resepticaa can take pla-i^, 


y Tho World Almarjit and of Row Tork« Raw York World-Telegraa 

» Pi, ' 

i/' List of Broadcasti ng S^’;ai.lo»e.> QeneTOi^ The General Secretariat of 
Ihteiviationai Teleconmiurl^S^oim Union,, 19!^'.: 

3 / Telephone Statistics of the .Wo rltd.,, New York^ American Telephone aiKd 
Telegraph (Company;, 19^1 p<, 

S hip St^tlong ^ Geneva p The General Secretariat of 
^ Ix^rnailoimr^elecwi^^ Unions I95l.:> 

$// List of Geneva^ Th® General 

TiTresoiifla^i’eAtions Union 1951 

y List^of^^q^nef,^;, Geneva® The General Secretariat of the Internationa?]. 
feJ^cormronlcaCKis Union® 1951-' 
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Emn on & line of^elght basisa when they are used close to political bordering 
they cang if not otherwise directeda pass across those borders whers they may 
produce interference to existing zadio services therSc 

There can be no world monopoly by any given country of the radio re * 
source either by possession or ©ontrolo Its use cannot be reserved to one 
nation in one area and denied to other nations in other areas Pre-emptive 
oco«^n«y of a charmel by one nation tends to preclude occupan -y of the same 
©lhannel by another nation only within interference range $ although 
long-distance sky waves are invoXviujg this range may be thousanfiSs of milesv. 
Jamming^ or interference Intentionally created to dei»y the ufie of a channel^ 
is effective at the I’eceiver only where the Jamming sigttals can over-ride the 
desired signal- This may be a limited area*, near the Jamming tranamitterp if 
ground-waves are depended on for propagation^ or it may be a vc;ry extensive 
area where the receivers are receiving sky-waves from both the desired and the 
Jamming station.. 

This inherent *^acro 3 s the border” feature of radio is at once a 
help and a hindrancsc It is a help in that it pesroits Inte^^coiraimnication 
within and between all nations of the worlds though some nations consider this 
a hindrance because they neither stop nor censor all foreign radio signals at 
their borders o It is a hindrance in that effort must be put forth to avoid 
interference from unwanted signaler These realities gave earlly rise t® 
complex problems ■ 

Supply and Demand 

The economics of supply and demand applies to radlOo In some 
of the spectrum supply has not kept vp wi^ world denmnd-^ The cur 
rent shortage of chs^nels^ especially below 30£)CH)0 kilocycless i^ere long 
distance propagation is obtained;^ riarslsts In spite of rapid technological 
and operational advancements idii^sh have ©cmtributed greatly to effect economy 
In ep 'Ctrum occupancy’s On the demvnd sidoj^ the commercial neede of expanding 
aviation and maritime services for communication and navigation^ the politisal 
needs for broadcasting services^ the commercial and political needs for over 
seas ©omfflunicatlon service® ^ gi*owing military needs are tending to ” saturate* 
that portion of ths spectruaic On the supply side^ relffi^nce to write-off 
older equipment for the new and the poor post-war economic condltlwss pre- 
vailing in many countries have retarded Investment in apparatus for the 
emplsyraeat ©f modem spectrum-saving techniques . The unwillingness of some 
countries to provide wire lines or shwt -range radio systems for their 
domestic communications detract from the available supply of frequencies 
for services which cannot be performed by ai^ other moans-: 

The forces of supply and demand are Inevitably exerted in a truly 
world Fiarket wheare they give rise to world problems^ 

Need for IniematlonaX Regulation 

The essential nature of the problems inherent in the cxplo^^tictib 
of the radio medium was recognised in the early days of radiOv It was seesa 
that» if the world was to obtain the fullest benefit from the radio spectrum^ 
the natlcms of the worM must agree upon a set of international, regulation® 
for the avoidance of interference between stations of the various countries 
operating on the same frequencies and to serve_ as a base for rational regu- 
lation Such International regulations were to cover technical, standards and 
operating procedures' It was also seen that the then useful frequencies must 
be systematised and organised in such a way that universally common frequencies 
would be used for common service s-^- Thi.^ makes it possible ^ for example^ for a 
radio -equipped ship or aircraft of one country to voyage to the area of 
another country and experience no difficulty whatever in establishing and 
maintaining communication with stations of that country^ Againg^ It was seen 
that a need existed for the establishment of minimum conditions which 
transmitting and receiving apparatus should meeti in order that transmitted 
intel?dgeti<?e be i.fiiellig5.bly receivod-^ Still a nm4 was f5««a 

for a mechanism to facilitate the International exchange of new ideas on 
radio and for the compilation of data on the radio facilities of the world - 

5 - 
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A world Bomm inity resouroe needs world eomiaunity mamigement . Where 
world management Is agreed^ nations relinquish some national rights in the 
oferaXl interest of all nations r. Those rights whieh nations retain accrue to 
the governments of those natlonsr Some government® exercise those rights 
themselves as an internal monopoly, while others pexmlt individuals and other 
legal entities to exercise those rights through grant of license. 

The International management of radio as an economic rc. 80 uri«e hap 
been cited as an outstanding example of effective world cooperation 

The fteguls'^.ory 'Meghanism 

O^er the years numerous International and regional organs and 
conferences coped with all those problems as they arose and prepared inter 
national agreements on their solution Ultimately the existing, pennanent 
International Telecommunications Union was establlshedp wl^ its present 
headquarters at Geneva, Switserlaad. Over eighty nations are eui*rently 
Members 


Under the auspices of the Union, the most recent full international 
confeim^es were held at Atlantic City, J in 19U?, for the purixoses of 
revamping the union roefghanisms and of bringing up to date the Convention 
and the Radio Regulations then in force, among other thing®. Approximately 
1,000 delegates, aides, and otheiswere engaged In this process at Atlantic 
City for a period of over five monthso These conferences enlarged the scope 
of the Union, tightened regulations governing the use of the radio speoirum(<. 
revamped the table of frequency allocations to the various radio services ^ 
and laid the foundation of a mechanism for establishing a more orderly ai^ 
efficient management and use of the radio spectrum and for requiring a more 
equitable assignment of priority or other rights to the various countries 
for use of specific frequencies ^ 

The 19l>7 conference had anticipated that within two or three 
years the Member nations, through mechanisms created for the purpose, would 
have Bcmpleted arrangements for the full Implementation of the conference 
decisions, with particular regard to the assignment and use of firequencles 
below 30.-000 kilocycles. At this time (early 1952) arrangements have been 
*only partly ecsapleted and only oa>tly brought into force,. International 
difficulties in Implomentatloffi create natiorml difflcultlos in programming 
internal Implementation, at leastg, among those nattesss which honor their 
international ©@mmit»ientSo This emtemporary five -year struggle gives 
sera© Idea of the magnitude of the problem confronting the world and it® 
nations in the orderly, efficient, management and use of the radio I'eoources ■ 

The International Situation Todav,. 

CTT II li a «ii-M«««.i.»iiii,iii» PI 

Several reasons are advanced for this inordinate delay in achieving 
world agreement In the formulation and implementation of a new Inteimtional 
frequoiftcy list.- The deteriorating world political situation focused sharp 
attention security c^msiderations and through them upon the strategic 
ItBp^ptance of certain radio facilitieso Scfiae natioas did not w-ish to be 
ca^ht in a wag* in the middle of a major frequent^ assigmisent reorgantaatlon- 
Further^ to pirestect themselves against anticipated future shortages of 
f^quencteSi^ many nations allegedSy submitted requirements for frequency 
assignments far la excess of curs'ent needs. These, whan added to the Worlds® 
needs for ourrent radio serviees, oculd not be fitted -at least on pape^^- - 
into the available spectrum space on a workable, engineered baslso This 
applied particularly to the so-called point-to-point telegraph and tele - 
phone service and to the broadcasting service.- 

In the present state of the World, the soltation to World radio 
pi'oblems in the lower portion of the spectrum lies essentially in the areas 
of economics and technology, unhampered by supercharged politicfiil pressures. 
Tlis alternative to solution Is potential spectrum chaos and possible 
ultimate radio war.- 
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T he Soviet Onion 

in the post world W«p II world effort towart 

has bean sonditioned by the b^-oXn* 

temational eonferenee in 19l*7» the Soviet Bio® we Son 

tively reaa<M»ble and cooperative* but a shange for the womb o®ourr^ soon 
afte^ At subsequent confereneess whi«h aonstdared we and ^ . 

l,.plLantlng thSm? dyolslona, the poliUcal nfof Onihe 

the West entered the radio ereas^ 4nd ©rept deeoer tine ^ 

one hand, the Soviet Onion* which invariably aesum^ the 

Blosr employed delaying* obstructive* and propagandiati® Uctics in conwr 
enee negrtlatlons under the guise of bbsaire technical '’*'3®®^^^® *" ®^ 
slantivf matte™. Few specific technical ® " 

made by It. On the other hand, the solidarity of the Soviet Bl^ tundi^ W 
induce solidarity in the West* as the Western nation 

would otherwise attempt to create and exploit a Western split to tho advan 
feiig© of the 

Perhaps the most far-reaching proposal persistently made by ^ 
Soviet Union for over three years was. In effect, an 
Loptlon of tho 1939 InternatioMl list of ^squeMles f 
nations to the Union as a base for the construction of « 

SS2.12 2-,K.ri5^i.OT,*2s:t£: » Ml 

tecISfrn^s known generally that the Soviet Union bad by 1939 submitt., d 
frequency entries every few Idloi^oles almost throughwt *P®«^ 
below a^t ao*COO kilocycle*, allegedly whether 

by them or not. Tho adoption of such a proposal would obviously tow ^vro 
the soviet union a legalised lion^s share of 

to the di»dvantage of the rest of the World* in particular the have not 
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